Targeted exon skipping in transgenic hDMD mice: A model for direct preclinical screening of human-specific antisense oligonucleotides.
The therapeutic potential of frame-restoring exon skipping by antisense oligonucleotides (AONs) has recently been demonstrated in cultured muscle cells from a series of Duchenne muscular dystrophy (DMD) patients. To facilitate clinical application, in vivo studies in animal models are required to develop safe and efficient AON-delivery methods. However, since exon skipping is a sequence-specific therapy, it is desirable to target the human DMD gene directly. We therefore set up human sequence-specific exon skipping in transgenic mice carrying the full-size human gene (hDMD). We initially compared the efficiency and toxicity of intramuscular AON injections using different delivery reagents in wild-type mice. At a dose of 3.6 nmol AON and using polyethylenimine, the skipping levels accumulated up to 3% in the second week postinjection and lasted for 4 weeks. We observed a correlation of this long-term effect with the intramuscular persistence of the AON. In regenerating myofibers higher efficiencies (up to 9%) could be obtained. Finally, using the optimized protocols in hDMD mice, we were able to induce the specific skipping of human DMD exons without affecting the endogenous mouse gene. These data highlight the high sequence specificity of this therapy and present the hDMD mouse as a unique model to optimize human-specific exon skipping in vivo.